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(7) ABSTRACT

The invention is directed to a method for detecting the
oxygen content in a gas to be measured. At least one
concentration cell operating in accordance with the Nernst
principle is provided. The concentration cell includes a
measuring electrode communicating with the gas and a solid
electrolyte and a reference electrode connected to the mea-
suring electrode through the solid electrolyte. A pump-
current pulse is applied between the reference electrode and
the measuring electrode and, directly after the end of each
pump-current pulse, the current flow between the reference
electrode and the measuring electrode is reversed in a
pulse-like manner.
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METHOD AND ARRANGEMENT FOR
DETECTING THE OXYGEN CONTENT IN A
GAS

FIELD OF THE INVENTION

The invention relates to a method for detecting the oxygen
content of a gas by means of at least one concentration cell
having a measuring electrode. The concentration cell oper-
ates in accordance with the Nernst principle and the mea-
suring electrode communicates with the gas to be measured.
The concentration cell also includes a reference electrode
connected to the measurement electrode via a solid electro-
lyte. Periodic pump current pulses are preferably applied
across the measurement and reference electrodes. The
invention also relates to an arrangement for detecting the
oxygen content in a gas.

BACKGROUND OF THE INVENTION

A method of the kind described above is disclosed, for
example, in U.S. Pat. No. 5,632,883. The application of
periodic pump current pulses to the measurement and ref-
erence electrodes affords the advantage that, in this way, two
switching states occur. In the first state, the current source is
coupled to the concentration cell and, in the second state, the
current source is decoupled from the concentration cell so
that the voltage, which serves as the measurement signal,
between the measurement and reference electrode is not
influenced by the current source in the decoupled state. In
this way, a disturbance of the measurement signal because of
the in-coupling of the current is eliminated. This in-coupling
of the current leads to an additive voltage component of the
measurement signal which, in turn, defines a disturbance of
the measurement signal because of the temperature depen-
dency of the internal resistance of the solid electrolyte.

In such a method and arrangement for detecting the
oxygen content in a gas, it is problematic that, for a clocked
pump reference, the reference pump current must be selected
higher than for a non-clocked pump reference in order to
obtain, over a time average, an adequate oxygen partial
pressure in the concentration cell.

This leads to the situation that intense polarization effects
occur on the concentration cell because of the higher pump
current especially in the cold state of the concentration cell.
Therefore, the actual sensor signal is made incorrect because
of the polarization effects. Additive voltage components on
the actual measurement signal occur because of the polar-
ization effects. These voltage components lead to a signal
shift which is present even after the pump current pulses.

SUMMARY OF THE INVENTION

In view of the foregoing, it is an object of the invention
to provide a method for detecting the oxygen content in a gas
which is so improved that errors of the measurement signal
are minimized or completely eliminated. These errors are
caused by polarization effects in the measurement probe.

The method of the invention is for detecting the oxygen
content in a gas to be measured. The method includes the
steps of: providing at least one concentration cell operating
in accordance with the Nernst principle with the concentra-
tion cell including: a measuring electrode communicating
with the gas; a solid electrolyte; and, a reference electrode
connected to the measuring electrode through the solid
electrolyte; applying a pump-current pulse between the
reference electrode and the measuring electrode; and,
directly after the end of each pump-current pulse, reversing
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2

the current flow between the reference electrode and the
measuring electrode in a pulse-like manner.

A very rapid decay of the polarizations in the concentra-
tion cell is made possible by this pulse-like reversal of the
current which flows between the reference electrode and the
measurement electrode

In principle, the most different possibilities exist for
reversing the current flow between the reference electrode
and the measurement electrode.

An advantageous embodiment provides that a current
pulse of a pregiven duration and of a pregiven current
intensity is applied between the reference electrode and the
measurement electrode. The current pulse flows in the
reverse direction. With this counter-current pulse, a shift of
the probe voltage is most significantly reduced. This shift is
caused by the polarization effects.

Advantageously, the duration and the current strength of
the counter-current pulses are so selected that the charge,
which is generated by the counter-current pulses, is signifi-
cantly less than the charge generated by the pump current
pulses.

Another embodiment provides that a short circuit of a
short duration (short-circuit pulse) is effected between the
reference electrode and the measurement electrode. This
embodiment is especially simple to realize. Shifts of the
probe voltage are almost entirely reduced even with such a
short-circuit pulse. These shifts are caused by the polariza-
tion effects in the concentration cell.

The invention also relates to an arrangement for detecting
the oxygen content in a gas. The arrangement includes at
least a concentration cell, which operates in accordance with
the Nernst principle. The concentration cell has a measure-
ment electrode communicating with the gas to be measured
and a reference electrode which is connected to the mea-
surement electrode via a solid electrolyte and is in contact
with a reference gas volume. The concentration cell also
includes a pump current source via which preferably peri-
odic pump current pulses can be coupled between the
reference and measurement electrodes.

With reference to the above, it is a further object of the
invention to improve an arrangement of the kind described
above for detecting the oxygen content in a gas so that a very
rapid reduction of the changes of the measurement voltage
can be realized. These changes are caused by the polariza-
tion effects in the concentration cell.

According to another feature of the invention, a switch
device is provided with which, after each pump current
pulse, a short circuit or a low-ohmage connection is pro-
vided over a pregiven time span (short-circuit pulse)
between the measurement electrode and the reference elec-
trode.

Up to now, no detailed description has been provided as
to the form of the counter-current pulse and of the short-
circuit pulse. Advantageously, the counter-current pulse or
the short-circuit pulse are shorter than the pump current
pulse. In this way, it is avoided that there is a pumping off
of the oxygen from the reference chamber of the concen-
tration cell after a reduction of the polarization effects.

Preferably, the duration of the counter-current pulse or of
the short-circuit pulse is approximately one twentieth to one
tenth of the duration of the pump current pulse.

Furthermore, the duration and the current intensity of the
counter-current pulses is so pregiven that the charge, which
is generated by the counter-current pulses, is significantly
less than the charge generated by the pump current pulses.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be explained with reference to the
drawings wherein:

FIG. 1 is a schematic of an embodiment of an arrange-
ment of the invention for detecting the oxygen content in a
gas utilizing a concentration cell; and,

FIG. 2 is a schematic of the control sequences of the
switches shown in FIG. 1 as well as of the probe voltage
resulting therefrom.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

One embodiment of an arrangement for detecting the
oxygen content in a gas is shown in FIG. 1 and includes a
probe SO known per se, such as a lambda probe. The probe
includes a measuring electrode which communicates with
the gas to be measured and a reference electrode which
communicates with a reference gas volume. The reference
electrode is connected via a solid electrolyte to the measur-
ing gas electrode. The reference gas volume is so separated
from the gas to be measured that a particle exchange
between the reference gas volume and the gas to be mea-
sured is made more difficult. The probe voltage US, which
can be tapped via the probe, is an index for the oxygen
content of the gas to be measured. A probe of this kind is
disclosed in detail, for example, in U.S. Pat. No. 5,632,883,
incorporated herein by reference.

As shown in FIG. 1, the probe voltage US can be tapped
via a switch device such as a switch S3. An RC filter is
connected downstream of :he switch S3 as shown. In the
embodiment shown, the RC filter is a lowpass filter and
comprises a resistor R2 and a capacitor C. The switch S3 is
closed during the measuring phases so that the probe voltage
US, which drops across the probe SO, can be tapped. In
addition, a further switch device such as a switch S1 is
provided to ensure that an adequately high oxygen partial
pressure is present in the reference gas volume. A pump
reference current can be supplied to the probe via the switch
S1.

As shown in FIG. 1, a current flows via the resistor R1
when the switch S1 is in the closed state. This current flows
into the measuring probe SO. The current is supplied peri-
odically and in the form of pulses as will be described
further below.

In addition, a counter-current source G is provided which
can be connected in parallel to the probe via a switch device
such as a switch S2. As an alternative to the counter-current
source G, a short-circuit line K can be provided which
likewise can be connected via the switch S2 in parallel to
probe SO. The switch S2 is actuated directly after the
opening of switch S1. In this way, it is ensured that a
counter-current pulse or a short-circuit pulse is applied
across the measuring electrode and the probe electrode
directly after a pump current pulse was supplied to the probe
SO. A reduction of the polarization effects is obtained via
this counter-current pulse or short-circuit pulse. The polar-
ization effects build up because of the pump current pulse.

A method for detecting the oxygen content in the gas to
be measured is described in the following with reference to
FIG. 1 and especially with reference to FIG. 2.

In FIG. 2, the control sequences of the switches (S1, S2,
S3), which are shown in FIG. 1, as well as the probe voltage
USO are shown schematically as a function of time (t). The
probe voltage USO can be tapped via the probe SO.

For the sake of clarity, the switching state is shown for
only a pump current pulse, a counter-current pulse as well as
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the probe voltage signal trace resulting therefrom. It is
understood that these switching states and the probe voltage
signal trace repeat periodically.

As shown in FIG. 2, directly after a pump current pulse is
applied to the probe SO, a counter-current pulse or short-
circuit pulse is applied. The pump current pulse is applied by
closing the switch S1 and the counter-current pulse is
applied by closing switch S2.

A depolarization of probe SO is achieved via this counter-
current pulse or short-circuit pulse. The counter-current
pulse or short-circuit pulse is shorter than the pump current
pulse. The current intensity of the counter-current pulse can
likewise be pregiven. The time integral of the counter-
current pulse is so dimensioned that a depolarization of the
probe SO as optimal as possible is produced. The counter-
current pulse is therefore especially so selected that no
polarization results which could affect the pump operation.
The pump operation is effected via the pump current pulse.
Rather, only a depolarization should take place. The time
integral of the pump operation corresponds essentially to the
time integral of the probe voltage US which is shown
hatched in FIG. 2 and is identified by reference character A.
The time integral of the probe voltage is caused by the
polarization effects. It has been shown that the duration of
the counter-current pulse or short-circuit pulse corresponds
approximately to one twentieth to one tenth of the duration
of the pump current pulse.

The duration and the current intensity of the counter-
current pulse is so selected that the charge QGEG is sig-
nificantly less than the charge which is generated by the
pump current pulses:

QGEG<<QPUMP.

The charge QGEG is generated by the counter-current pulse.

The switching state of the switch S3 defines the so-called
masking time, that is, the time within which no probe
voltage signal is tapped. As shown in FIG. 2, the switch-off
duration of the switch S3 is so determined that the probe
voltage is not made incorrect, that is, the shift of the probe
voltage is not superposed on the actual probe voltage signal.
This shift is caused by the pump current pulse as well as by
the counter-current pulse or short-circuit pulse.

The arrangement described above and the method are
explained with respect to conventional switches (S1, S2,
S3). It is understood that the invention is in no way limited
to switches of this kind; instead, the switches can be realized
in any way. Especially electronic switches in the Form of
transistors or other semiconductor components are conceiv-
able for realizing the above-mention device.

It is understood that the foregoing description is that of the
preferred embodiments of the invention and that various
changes and modifications may be made thereto without
departing from the spirit and scope of the invention as
defined in the appended claims.

What is claimed is:

1. A method for detecting the oxygen content in a gas to
be measured, the method comprising the steps of:

providing at least one concentration cell operating in

accordance with the Nernst principle to supply a signal
indicative of said oxygen content in said gas with said
concentration cell including: a measuring electrode
communicating with said gas; a solid electrolyte; and,
a reference electrode connected to said measuring
electrode through said solid electrolyte;

applying a periodic pump-current pulse between said

reference electrode and said measuring electrode; and,
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directly after the end of each pump-current pulse, apply-
ing a counter-current pulse to said concentration cell to
reverse the current flow between said reference elec-
trode and said measuring electrode in a pulse-like
manner whereby a depolarization of said concentration
cell is obtained.

2. The method of claim 1, comprising the further step of
applying a counter-current pulse of a pregiven duration and
a pregiven current intensity between said reference electrode
and said measuring electrode and said current pulse being in
a direction opposite to said pump-current pulse.

3. The method of claim 2, comprising the further step of
so selecting said duration and said current intensity that the
charge generated by said counter-current pulse is markedly
less than the charge generated by said pump-current pulse.

4. The method of claim 1, comprising establishing a short
circuit of a pregiven duration between said reference elec-
trode and said measuring electrode with said step of apply-
ing a counter-current pulse to reverse the current flow.

5. The method of claim 1, wherein said counter-current
pulse is shorter than said pump-current pulse.

6. An arrangement for detecting the oxygen content in a
gas to be measured, the arrangement comprising:

at least one concentration cell operating on the Nernst

principle to supply a signal indicative of said oxygen
content in said gas;

said concentration cell including: a measuring electrode

communicating with said gas; a solid electrolyte; and,
a reference electrode connected to said measuring
electrode through said solid electrolyte;

a pump-current source for supplying a periodic pump-

current pulse;

first means for coupling in said pump-current pulse

between said reference electrode and said measuring
electrode;

at least one counter-current source for supplying a

counter-current pulse of a pregiven duration and a
pregiven current intensity; and,

second means for coupling in said counter-current pulse

between said reference electrode and said measuring
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electrode after said pump-current pulse in a direction
opposite thereto to obtain a depolarization of said
concentration cell.

7. The arrangement of claim 6, wherein said counter-
current pulse is shorter than said pump-current pulse.

8. The arrangement of claim 7, wherein the duration of
said counter-current pulse is approximately one-twentieth to
one-tenth of the duration of said pump-current pulse.

9. The arrangement of claim 6, comprising the further step
of adjusting said duration and said current intensity of said
counter-current pulse so that the charge generated by said
counter-current pulse is significantly less than the charge
generated by said pump-current pulse.

10. An arrangement for detecting the oxygen content in a
gas to be measured, the arrangement comprising:

at least one concentration cell operating on the Nernst
principle to supply a signal indicative of said oxygen
content in said gas;

said concentration cell including: a measuring electrode
communicating with said gas; a solid electrolyte; and,
a reference electrode connected to said measuring
electrode through said solid electrolyte;

a pump-current source for supplying a periodic pump-
current pulse;

means for coupling in said pump-current pulse between
said reference electrode and said measuring electrode;
and,

switching means for establishing a short circuit or a low
ohmic connection between said reference electrode and
said measuring electrode over a pregiven time span to
obtain a depolarization of said concentration cell.

11. The arrangement of claim 10, wherein said short
circuit corresponds to a short-circuit pulse shorter than said
pump-current pulse.

12. The arrangement of claim 11, wherein the duration of
said short-circuit pulse is approximately one-twentieth to
one-tenth of the duration of said pump-current pulse.
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